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Til.  SUMMARY AND HIGHLIGHTS 

A.  Objöctivo 

Tho stnUc- of the ©arth's upper aianpsphoro under disturbed 

conditions ic of considerable importance for a variety of military 

applicatiÖna ranging from artificial motal releases to high- 

altitude nuclear explosions.  In this context, we have been devel- 

oping new techniques for determining the structure of metal 

oxide molecules and for monitoring their production kinetics. 

Emphasis has been placed on those properties that control the 

infrared, emission of metal oxides, that are of special interest 

to ARPA. 

/ 

B.  Experimental Program 

Two related but distinct experimental methods have been 

employed to investigate metal oxides:  (1)  crossed-beam chemilu- 

minescence; and (2)  laser-induced fluorescence of reaction 

products.  In the former, a beam of metal atoms traverses a scat- 

tering chamber filled with oxidizer gas where it reacts to 
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produce oloctronically-oxciteu Pro«uct8. *ie c*miimineBcence 

io  then „„alyeed spootroseopicaUy .o that tlle internal.sta1:0 

distribution of the «u,, o.iCo producs can be, detennined. in 

the latter, a be.,,, of «tal atoms collWe with a beM, of oxidize. 

^  to form the metal oxide product that is vibrationaliy and 

rotationally «eitea but electronically unexcited. SimultaneCUsly 

the output of a mased. tunable dye la.er is swept in frequency 

Whenever, the dye laser frequency coincides with an absorption line 

of the metal oxide molecule, the molecule is excited to' fluoresce; 

and the fluorescent signal provlaes a „easure of ^ ^^ 

(V,J") population of the freshly formed metal oxide product. 

The erossed-beam chemi^.inescencs apparatus, called 

MBSTAR. has been described previously. 1.2 Briefly, a metal 

beam is formed by effusion from a molybdenum oven heated with a 

three-pbsse mdybdenum-wire „sistance winding. A series of hoat 

shields and a water-coded copper shield surround the oven and 

provide part of the eoltaation of the beam. Alternatively, the 

metal source in LABS™ is a crucible placed .^^ ^ ^^^ 

heated graphite cylinder. Although this permitted much higher 

temperatures, the i^ited capacity of the crucible prevented 

extended rnns.  All worh on the group IIA metalE waa ^^ ^ 
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with the molybdertum bvöh; nXl work on alumlhuni used a stalhloss 

steel crucible placed innido the graphite heating eleinoht. 

In both cases, the oven source Xü  differentially pumped. 

A Granvil.lc-Phillips filin-thickness monitor iu used to measure 

the beam flux,  Typical beam intensities in the reaction recjion 

are .10lr, ätpms/sec. 

The gas source is commercial On, )«)„, or NB0.  In the case 

of ozone studies, a Welsbach ossinator is used to generate the ozone 

that is trapped on silica gel. 

For spectroscopic work we use either a ?---m SPEX 1702 spec- 

trometer or a 1-ra Interactive Technology Inc. spectrometer. 

A cooled S-20 photomultiplier in conjunction with a Keithley 417 

picoammeter drives a Leeds and Korthrup strip-chart recorder which 

provides a record of the chemilurainescent spectrum. 

In the laser-induced fluorescence studies of reaction pro- 

ducts,3 the same LABSTAR configuration is used with the addition 

of two arms to permit the laser beam to intersect the reaction 

region.  The laser is a modified AVCO dial-a-line laser in which 

a pulsed nitrogen laser pumps an organic dye solution.  We have 

placed a beam expander in the dye laser cavity.  In addition 

we use an esehelle grating (3600 lines/mm) operated in eighth 

order.  With this setup we obtain a narrowing of the dye laser 



ouupuu from 20 I  to ü.^ L 

'l'lie metal okido ülüoirescehco is dotocted v/llh tinted clucLronicn 

using a KcitliJoy fast boxcar integrator. A delay of about 20 

nsec is applied t-.o the opening of Uio gate to rcmovn effectively 

scattered laser light. The gate .in junintainod open several excitcd- 

otate lifetimas. Alternatively, by using a narrow gate width, 

• the metal oxWo radiative f3ecay ic followed a:> a function of time. 

The latter motie permits the excited-state lifetime of the metal 

oxide molecule to be inea.'jured. 

C.  Results to Date 

Croascd-Beam Chemiluminesconce: 

(1) Ba + NOs yields the BaO A -X band system (See Fig.l) 

from which a lower limit to the BaO dissociation is 

D0
0 (BaO) > 5.74 eV 

(2) Ba+NcO has a visible band system the same as 

Ba H-O3 .  Arguments are presented that these arc triplet bands 

(See Fig. 2) 

(3) The reactions of group IIA metals with N0a, N20, and 
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(),, procped with lli:tle or i«» aötivatlon oner^y. 

C'J) A lilgh-roflolütiön »taiäy (See Ply 3) oi? thu ikiO 

A~x bruuU-. shows that tho raoloculoo are rotationally hotter When 

thoy nra vitorationally coldor ami vie«? veroii. 

CJ) The BaO eliomilurainesconco of Ba-i-N08 i« «lightly 

polarized with the IABSTAR configuratipii.    A theory is developed 

eoncojrnincj tho partitioning of ..ngul«r niomentuBi Into Internal «nd 

translational degrees of freedom of the products thiit accounts 

for the experimental obsorvatiöns, 

(6) «nie crouü sections for Ba + NOa arc quite largo 

(« 165 A«) while Ba+Ha0 ic loss than gas kinetic. 

(7) sr dcas not react with on to foj^ Sro under thermal 

conditions; however,  evidence is found for two-body radiative 

association 

Sr !■ OJJ -♦ lixO.* -♦ Sror + hv    . 

Two-body radiative association is found to provide the dominant 

visible emission4 in the reaction Ba + Cta (See Fig, 4). 

(8)    The cherailuminescence reaction AtJOg yieldi; tho 

AW  B :)>:+ - X ßS+ blue-green bands. This reaction is so cxo-. 

thermic that several new band heads are identified, in particular 



Hie (17,13) at 4373 L  Uw (17,14) nt WM I,  the tr/.l^l ^t 

4706 L  ttiQ (18,14) .^1" 4304 L  010 (18.19) «t *5fS L  üio 

tW.lC»)  ..4, 4716 ji,   IdM (13,0)  lit 43^i L  aio (14,12) at 4674 I 

m® (1^,13) «ft 4684 L Uw i)C.#13) at 45^3 L and tli© (i^.H) 

at 4r»<)4 L    Sue Pig. 5, 

(9) i'i*€is« t«« iiiyh^ost v' lewl» tliafe are iiqialated «it tii© 

AU) u atato, a lower liMlt to the A^O aissooiatioa enoxgy ia du- 

duccnl: 

»^ (AtO) > 5.X3 I O.OS* » v»    , 

with McDonald and inrnw* reinterprotatlon5 of Tyto*« coatlnmiw 

ntooeption onrck to cfivc aa uppor li»it of Do0(A£0) £ 5.20 i 

0.01 «V wo rocommenÄ6 tlio vaJwe 

Dj'UiO)  i. I».1S±0.05 CJV    . 

(10) Iho hW ß-A brfincliing iß ufe lount an ordfr of 

magnitude wüidcec than the» B-X bransitlon. 

Lauer-lnduccd Fluoresconeo of Hc»ictlon Protluctsi 

(1)    The mothod i« fcüöiMe (Soe Pig. 0).    It 

is possible tc learn about the (WV) distribution of ti&O 

foirmcd an tho reaction na r O,,. 



im 

(ä)    lr. ih*.* rt*«»»l5j@f» m « O«» äf««li of Hit* 

roaefeibii (afottbexnielf^ goes Into r-,r6,nnj.«iij»»^ii ^notgy raüisr llt«iii 
0 

iftio Intttxtial «folta^icm.   Sfiis io o^fositso to Ulf.? comflu^lot«» 

stnäios« 

fJ)    Ttä^ vibrölJciäirtl tllfefef Sl^tion f^llowss A 

250Ö* K, 

(^)    TIN» BaO A ststö for v* > 3 ha« ä mliaUvd 

lifel-i^» of 350 i 50 nsooi  Ln voasonamo 4^1^»««* wll.li Uie recent 
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PIGURM CAPTIONS 

IMg. 1.  Ch^miluminoscent üpectrn. These öpectra weire taken 

with tlie .^-m Heathkit spectrometer. 

Pig. 2.  Chemiluminescent spectrum of Ba J-N^O at 0.5-A 

spectral slltwidth showing its highly structured 

nature. 

Pig. 3.  Pouc (v'.v") bands from the chemiluminescent spectrum 

of Ba + NOa which show how the shading changes with 

V.  In the (3#0) band the 5535 - A Ba line is present. 

Fig. 4.  Spectrum of chemiluminescence from the reaction Ba+ 

Cl2; The letter A represents the 6s6p 1P0 -us2 "^s 

Ba-resonance Jino and the letter B represents the BaCl- 

eraission band-, (the 8n-!?Z green system). The featur<5- 

less emission from 2900 to 6000 I  is assigned to 

emission from an excited electronic state of BaCl 

Pig. 5.  A-tO B ;i>: -X 3S:+ chemiluminescent emission from the 

reaction hlhO^.    The band heads are designated by 

(V,v"). 

Pig. 6.  The BaO fluorescence signal, as a function of laser ' 

wayelength:  (a) fast scan showing vibrational 
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(6)      distribution; (b) slow scan showing rotational dis- 

tribution of the (3,0) band.  The asterisks mark a 

perturbation. 
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